Aim: The aim of this study was to evaluate the impact of clinical parameters and indices of body composition on the relation between non-alcoholic fatty liver disease (NAFLD) and carotid intima-media thickness (cIMT), in a type 2 diabetes mellitus population (T2DM). Material and methods: We retrospectively enrolled 336 T2DM outpatients who regularly attended Regina Maria Clinic in Cluj. Clinical, anthropometric and biochemical parameters were measured. Ultrasonography (US) was used to assess hepatic steatosis (HS) in all patients and cIMT in 146 subjects. Body composition was assessed by bioelectric impedance (BIA, InBody 720) in all patients. Results: cIMT was correlated with age (r=0.25; p=0.004), systolic blood pressure (r=0.18; p=0.041), glycated haemoglobin A1C (HbA1C, r=0.20; p=0.04), and with coronary artery disease (r=0.20; p=0.007). HS did not correlate with cIMT (r=0.04; p=0.64). cIMT was correlated with visceral fatty area (VFA, r=0.18; p=0.014) but not with other indices of body composition. Homeostasis model assessment for insulin resistance (HOMA-IR) was not correlated with cIMT (r=0.17; p=0.086). After multivariate analysis, age, HbA1c, and VFA were good independent predictors of cIMT (r=0.45; p˂0.001). Conclusions: These results are suggestive that in T2DM patients, fatty liver is not a direct mediator of early carotid atherosclerosis. Our data indicate that visceral fat accumulation and HbA1C are determinant factors of cIMT sugesting that controlling abdominal obesity and hyperglicemia might reduce atherosclerotic disease risk in NAFLD-T2DM subjects.
Introduction
Nonalcoholic fatty liver disease (NAFLD) is a common and underdiagnosed chronic liver disease affecting up to one-third of the global population in Western countries [1] . The prevalence of NAFLD is increased up to 70% to 90% among type 2 diabetes mellitus (T2DM) patients [2, 3] and makes it an important public health problem. NAFLD spans a spectrum from nonalcoholic simple fatty liver to non-alcoholic steatohepatitis (NASH) and steatofibrosis with potential progression towards cirrhosis and hepatocellular carcinoma [4] . NAFLD is now considered a hepatic expression of metabolic syndrome (MetS) [5] . It is closely associated with abdominal obesity, atherogenic dyslipidemia, and diabetes, exposing subjects with NAFLD to an increased risk of developing cardiovascular disease (CVD). Many studies involving non-diabetic subjects have shown that NAFLD is independently associated with CVD [6, 7] . Carotid intima-media thickness (cIMT) is a reliable index of subclinical atherosclerosis [8] and a mirror of atherosclerosis progression in NAFLD patients. Carotid IMT is higher for individuals with NASH than for those with simple steatosis and the histological severity of NAFLD independently predicts cIMT [9] . There is a close association between cIMT and abdominal fat distribution, viceral obesity being associated with accelerated progression of atherosclerosis and considered an important cardiovascular risk factor [10] [11] [12] . Targher et al demonstrated that in healthy, non-obese male subjects, the significant increase of cIMT in NAFLD subjects was largely mediated by increased visceral fat accumulation [13] .
In T2DM subjects the link between fatty liver and atherosclerosis is less clear and different studies reported conflicting results. Many works showed no association between the degree of liver steatosis and early atherosclerosis as measured by US [14] [15] [16] or computed tomography [17] in T2DM patients. In contrast, other studies in T2DM subjects indicated a significant increase of cIMT in the presence of NAFLD that could be partially explained by the presence of insulin resistance [18, 19] . Body fat distribution seems to play an important role in atherosclerosis progression in non-diabetic patients with NAFLD but in T2DM subjects this aspect is not completely known. The aim of this study was to evaluate whether there is an impact of clinical parameters and indices of body composition on the relation between NAFLD and cIMT, in a T2DM population.
Material and methods

Patients and methods
We retrospectively enrolled 363 T2DM outpatients who regularly attended diabetes evaluation at Regina Maria Clinic in Cluj, Romania, between 2013-2014. We excluded 27 patients with history of viral or other causes of chronic liver disease (autoimmune hepatitis, hemochromatosis, Wilson disease, alpha 1 antitrypsin deficiency) or alcohol consumption greater than 40 g/day. Finally 336 patients (127 females and 209 males) were considered for this study. Ultrasound (US) examination was used to assess hepatic steatosis in all subjects and cIMT in 146 patients. The study protocol was conformed to the ethical guidelines of the Declaration of Helsinki and was approved by the local Ethics Committee. Due to the retrospective design of the study the informed consent of the patients was not obtained.
Clinical and laboratory assessment
All 336 patients underwent a complete clinical and anthropometric evaluation, including: age, sex, weight, height, waist and hip circumference, systolic blood pressure (SBP) and diastolic blood pressure (DBP), alcohol consumption, previous medical history, and concomitant treatment. Body mass index (BMI) was calculated by dividing weight in kilograms by the square of height in meters. Overweight/obesity was diagnosed when BMI was ≥25.0 kg/m 2 , according to the 1999 World Health Organisation criteria [20] . Blood pressure was measured at the right upper arm after patient had been seated quietly for at least 5 minutes. Hypertension was defined as SBP ≥140 mmHg and/or DBP ≥85 mmHg, according to European Society of Hypertension (ESH), or current treatment for hypertension. We assessed blood samples for liver function tests, total cholesterol, HDL cholesterol, triglycerides level, blood creatinine level, fasting blood glucose, insulin levels, and glycated haemoglobin A1C (HbA1C). The upper limit for HbA1c for our laboratory was 5.8%. Insulin resistance (IR) was determined by the homeostasis model assessment (HOMA-IR) and was defined as HOMA-IR ˃ 2.7 according to previous publications for European countries [21] . MetS was diagnosed by International Diabetes Federation 2009 criteria.
Body fat measurements
The precision body composition analysis was performed by bioelectric impedance analysis using a InBody 720 device (Biospace Co., South Korea) according to the recommendation provided in the user manual (INBODY720 User's Manual) [22] . Total body weight is the sum of body fat mass and fat free mass. Percent body fat (PBF-%) indicates the percentage of body fat within the body weight. The standard PBF-% is 15% for men and 23% for women. Indices of body composition are measured in kilograms and also include soft lean mass representing fat free mass without mineral mass and skeletal muscle mass. InBody 720 device calculates visceral fat area representing the visceral adipose tissue content, with normal value under 100 cm 2 . The control of results' validity was done according to device specifications using the impedance values from the measurements at 6 frequencies displayed on the result sheet and invalid measurements were excluded from analysis [22] .
US measurements NAFLD was defined as the presence of hepatic steatosis on US. Hepatic US was performed in all patients after 12 hours fasting, by a single experienced radiologist by a high-resolution B-mode ultrasonography with a 5 MHz transducer (Philips HD11 XE ultrasound system). Each subject was examined in the supine and left lateral positions during quiet inspiration. Hepatic steatosis was diagnosed on the basis of characteristic US features: evidence of diffuse hyperechogenicity of the liver relative to the kidneys, ultrasound beam attenuation and poor visualization of intra-hepatic vessel borders and diaphragm. Semiquantitative US scoring for the degree of hepatic steatosis was not available in this study.
cIMT was measured by high-resolution real-time carotid B-mode ultrasonography with a 7.5-MHz linear transducer (Philips HD11 XE ultrasound system) bilaterally in longitudinal view at least 5 mm below the end of common carotid artery (CCA), the carotid bulb and the first cm of the internal carotid artery (ICA) always at a plaque-free point. cIMT was defined as the distance between the lumen-intima and media-adventitia interfaces of the far wall [23] . Two measurements from both sites were averaged to give the mean cIMT. A carotid plaque was defined as a focal thickening ≥1.5 mm [23] ; none of the study participants had clinically relevant carotid stenosis (i.e. ≥ 70%) [24, 25] . A cIMT value of more than 0.9 mm [26] or over the 75th percentile for the patient's age, sex, and race/ethnicity [27] was considered abnormal being associated with an increased risk of cardiovascular events [28, 29] . Repeated measurements on the same subjects gave coefficients of variation ˂5%. A normal and an abnormal ultrasonographic aspect of cIMT are presented in figure 1 .
Statistic analysis
Kolmogorov-Smirnov tests and quantile-quantile plots have been used to evaluate the distribution of all investigated quantitative variables. For normally distributed variables descriptive results were expressed as mean±standard deviation (SD), while non-normally distributed variables have been described in terms of median, minimum and maximum. Since most variables departed significantly from normal distribution, comparisons between groups based on the presence of hepatic steatosis, were performed using Mann-Whitney U tests for quantitative variables and Fisher's exact tests for categorical data. Correlations between quantitative variables were investigated using nonparametric Spearman correlation coefficients followed by multiple linear regression analysis to identify variables independently associated with cIMT. For further investigation regarding predictors of increased carotid wall thickness, cIMT has been dichotomized based on a 0.9 mm cut-off value [26, 27] , and multiple logistic regression analysis have been performed using iterative selection of covariates for optimal prediction of cIMT higher than 0.9 mm. P˂0.05 was considered statistically significant. Statistical analysis were performed using IBM SPSS 21 statistical software (Chicago IL).
Results
Taking into consideration the results obtained by hepatic US, the 336 patients were divided in 2 groups: with hepatic steatosis (86%) and without hepatic steatosis (14%). Clinical and biochemical characteristics of the 2 groups are presented in Table I .
In 146 patients the results of both carotid and hepatic US were available. cIMT was correlated with age (r=0.25; p=0.004), systolic blood pressure (r=0.18; p=0.041), HbA1C (r=0.20; p=0.04), and with the presence of coronary artery disease (r=0.20; p=0.007). Concerning body fat measurements, cIMT was correlated with visceral fat area (r=0.18; p=0.014) but not with body fat mass, fat free mass, soft lean mass, skeletal muscle mass, or PBF-%. There was no significant correlation between cIMT and fasting glucose (r=0.12; p=0.087), HOMA-IR (r=0.17; p=0.086), diabetes duration (r=0.6; p=0.42) or presence of MetS (r=0.04; p=0.58). No correlation was found between cIMT and total cholesterol, triglycerides, LDL and HDL cholesterol levels. cIMT was higher in patients with hepatosteatosis versus without hepatosteatosis but the difference was not significant (p=0.92). Hepatosteatosis did not correlate with cIMT (r=0.04; p=0.64). After multivariate analysis, age, HbA1c and visceral fat area were good independent predictors of cIMT (r=0.45; p˂0.001). Table II presents two models of multiple regression analysis, with independent variables that contextually predicted the dependent variable cIMT.
After iterative selection of covariates for model optimization, our best logistic regression model included only age and sex as independent predictors of cIMT. Models also including NAFLD and visceral fat area respectively, still achieved reasonable prediction accuracy in the classification of cIMT according to the 0.9 mm cut-off value (table III). During the model optimization process, smoking, hypertension, statines, and other investigated predictors and possible confounders did not Data are expressed as mean ± standard deviation (SD), or median (minimum, maximum). cIMT = carotid intima media thickness, BMI = body mass index, WC = waist circumference, SBP = systolic blood pressure, DBP = diastolic blood presure, TC = total cholesterol, TGL = triglycerides, HDLc = high density lipoprotein, LDLc = low density lipoprotein, FPG = fasting plasma glucose, HbA1C = glycated haemoglobin, HOMA-IR = homeostasis model assessment insulin resistance, ALAT = alanine aminotransferase, ASAT = aspartate aminotransferase, γGT = γ glutamyl transferase, MetS = metabolic syndrome, BFM = body fat mass, VFA = visceral fat area. significantly contribute to the prediction of a cIMT higher than 0.9 mm.
Discussions
Our results indicate that hepatic steatosis was present in 86% of T2DM subjects. The prevalence of hepatic steatosis assessed by US was slightly greater than previous reports proving that NAFLD is very common in subjects with T2DM [2, 3, 6, 15] . Our T2DM patients with hepatic steatosis presented a cluster of cardiovascular risk factors with increased values of triglycerides and decreased level of HDL cholesterol, results consistent with previous evidences [14, 15, 30] . However, Targher et al showed that NAFLD was associated with an increased incidence of CVD in T2DM patients, independent of traditional CVD risk factors and MetS components [6] . They also found an increased incidence of atrial fibrillation in NA-FLD-T2DM patients independently of important clinical risk factors for atrial fibrillation [31] .
We did not find a correlation between hepatic steatosis and carotid atherosclerosis evaluated by cIMT. Nevertheless, body fat mass and measures of central obesity like waist circumference and visceral fat area were significantly linked to hepatic steatosis. This finding is in agreement with other works in T2DM subjects [14] [15] [16] showing no association between NAFLD and early atherosclerosis as measured by cIMT. In T2DM, the link between NAFLD and cIMT rests debatable. Among diet-controlled T2DM individuals the significant increase of cIMT in the presence of NAFLD is largely explained by HOMA-estimated IR [18] . Recently, Kim et al concluded that NAFLD not accompanied by insulin resistence is not associated with a carotid atherosclerotic burden [19] . We could not demonstrate a correlation between cIMT and HOMA-IR in our T2DM patients. The impact of HOMA-IR on the relation between cIMT and NAFLD could not be analyzed because of missing data and unequal groups of subjects to compare. Contraversely with T2DM, in healthy, non-obese male subjects, increase of cIMT in NAFLD subjects was related to abdominal accumulation [13] , data supporting the potential adverse impact of MetS parameters on the relationship between NAFLD and carotid atherosclerosis. Other studies suggested a direct impact of NAFLD on carotid atherosclerosis throughout hepatic inflammation characteristic of NAFLD that could be an important contributor to systemic inflammation and accelerated atherogenesis [32] . McKimmnie at al observed a strong correlation between pro-atherogenic biomarkers and the elements of the MetS suggesting that hepatic steatosis reflects more than general adiposity, and represents a systemic, inflammatory, pro-atherogenic adipose state [17] .
Moreover, we found that visceral fat area is correlated with cIMT in our T2DM study population. In the presence of BMI indicating obesity, the abdominal accumulation of adipose tissue seems to play a crucial role in atherosclerosis progression. We observed that other indices of body fat measurement and BMI were not correlated with cIMT, suggesting the importance of adipose tissue distribution. However, after adjustment for BMI and waist circumference, liver fat was not significantly associated with sub-clinical atherosclerosis [33] . Consistent with our findings, previous studies reported a significant link between abdominal fat distribution and cIMT in adults [10, 11] or obese adolescents. Visceral fat was a key predictor of arterial wall thickening, suggesting that the focus of cardiovascular disease prevention should be visceral obesity, and not blood lipids or lipid subclasses [34] . Visceral fat could be considered a mediator between NAFLD and cIMT through its secretion of multiples proinflammatory and pro-atherosclerotic factors [13] . Additionally, we found that visceral fat area is an indepedent predictor of cIMT, emphasizing the emerging concept of central obesity in the progression of atherosclerosis. This result is also validated by recent studies in diabetic [35] and non-diabetic patients of different races [12] . Visceral adipose tissue volume measured by US may be a better predictor of subclinical carotid atherosclerosis than waist circumference in healthy individuals [36] .
The presence of carotid plaque or cIMT greater than 0.9 mm [26] , or equal to 75th percentile for the patient's age, sex, and race/ethnicity are indicative of increased CVD risk [27] . For our group of T2DM patients we found that only age and sex significantly contribute to the prediction of a cIMT higher than 0.9 mm. Hypertension/ongoing treatment, statines, smoking, visceral fat area or NAFLD are not independent predictors of cIMT higher than 0.9 mm. The peculiarities of our T2DM population are the very high overall cIMT suggesting an increased risk of CVD for these subjects and an atherogenic dislipidemia profile in the patients with steatosis, who were more insulin resistant and had a higher level of transaminases.
In obese children and adolescents without diabetes, HbA1C was associated with increased cIMT independently of traditional CVD risk factors [37] . We found that HbA1C is an independent predictor of cIMT indicating that in T2DM patients with NAFLD we should give more attention to carotid atherosclerosis, especially in those with hyperglycemia. Interestingly, NAFLD was independently associated with coronary artery disease only in T2DM patients with higher HbA1c, after adjustment for confounders [38] .
This study has some limitations that should be mentioned. Firstly, the retrospective design of the study could introduce a bias concerning the selection of patients for abdominal and vascular ultrasonography. Secondly, US was used to measure cIMT in 146 of 336 T2DM subjects. However, the number of patients included in the study ensured an adequate sample size for multivariate analysis. Thirdly, liver biopsies were not available in our subjects. Liver biopsy is invasive and may result in severe complications but is considered the gold standard technique for identifying NAFLD. Other methods such as proton magnetic resonance spectroscopy and magnetic resonance imaging demonstrate high accuracy in the quantification of liver fat, but are limited by low availability, high cost and lack of standardization [39, 40] . We used US to identify hepatic steatosis, a method that allows the detection of steatosis only when hepatocytes fat accumulation is above 15-20% [41, 42] . Studies confirmed by biopsies indicate that the increased parenchymal echogenicity has a positive predictive value of 0.87 to 0.94 for steatosis diagnosis, according to the used criteria [41, 43] . US has 60-94% sensitivity and 88-95% specificity in detecting hepatic steatosis [41, 44] , with 80% sensitivity at fat accumulation above 30% and reduced sensitivity when hepatic fat infiltration on biopsy is under 33% [45] . The downsides of hepatic US include its inaccuracy in differentiating fibrosis from steatosis, in reproducibility and in the exact quantification of fat accumulation [41] . Fourthly, we could not completely exclude secondary causes of liver disease, even if subjects with a history of chronic liver disease or alcohol consumption were excluded from the study. This limitation could have increased the number of included patients and may explain the greater prevalence of NAFLD in this study compared to other studies in T2DM patients [2, 3] . Finally, we did not directly measure abdominal visceral fat by L4-L5 computed tomography, the gold standard for measuring visceral fat area. In this study we used bioelectric impedance analysis, an easily applicable and useful method for evaluating body fat distribution [46] . Prior studies established bioelectric impedance analysis as an objective indicator of body composition and validated the measurement of visceral fat area by this method [47] . The visceral fat area obtained by bioelectric impedance analysis was correlated with the total and visceral fat in L4 measured by computed tomography in normal and HIV-positive patients [48] .
The results of this study strongly support a constitutive role of visceral fat in the development of atherosclerosis and highlight the increased CVD risk in abdominal obese T2DM patients with NAFLD. Additionally, interventional studies reported a beneficial effect of weight loss, known to primarily reduce intra-abdominal fat depots, on the progression rate of early carotid atherosclerosis in obese individuals [49, 50] . In patients with T2DM, the control of abdominal obesity appears to have a significant influence on the progression of subclinical atherosclerosis. Subsequently, an important concern is to decrease visceral obesity in order to reduce the frequency of atherosclerotic diseases. The identification of NAFLD abdominal obese T2DM patients could help in CVD risk prediction, with important management implications and benefit from early risk-reduction intervention.
Conclusions
The results of our study are suggestive for the fact that in T2DM patients, fatty liver seems not to be a direct mediator of early carotid atherosclerosis. Our data underline the importance of visceral fat accumulation and glycated hemoglobin for cIMT, suggesting that controlling abdominal obesity and hyperglicemia might reduce atherosclerotic disease risk in NAFLD-T2DM subjects.
